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@ Shock absorber with improved structure of thrusting piston assembly.

@ A piston assembly for a shock absorber is
formed with a threaded opening which extends ax-
jally and opens to an axial end, about which a piston
body is mounted. A stud which is separately formed
and independent of the piston rod, and exiends
through the piston body, engages with the threaded
opening for securing the piston body thereonto.
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SHOCK ABSORBER WITH IMPROVED STRUCTURE OF THRUSTING PISTON ASSEMBLY

The present invention relates generally to a
shock absorber, such as that suitable for use in an
automotive suspension system. More specifically,
the invention relates to an improved construction of
a piston assembly of the shock absorber.

One of the general constructions of hydraulic
shock absorbers has been disclosed in Japanese
Utility Model First (unexamined) Publication (Jikkai)
Showa 60-52438. In the shown construction, a
thrusting piston is disposed within a fluid chamber
defined in a cylinder filled with a working fluid. The
piston is firmly secured on an inner end of a piston
rod which extends through the cylinder. The piston
rod has a stud section at the end engaged to the
piston. The stud section is provided a smaller di-
ameter than that of the major section of the piston
rod. The piston engages with the stud section and
firmly secured thereon by means of a fastening
nut.

it is generally technology for providing satisfac-
torily high wear resistance for the major portion of
the piston rod, which thrustingly moves along the
axis of the cylinder with sliding contact with the
end plug. Wear resistance is usually provided by
induction hardening. When induction hardening is
made for the end portion of the piston rod where
the stud section has to be formed, machining be-
comes difficult. As a result, it is required to limit
portion o perform hardening operation and to man-
age directionality of the piston rod. This causes
higher prcduction cost. Furthermore, when a leaf
spring vaive is used for controlling fluid flow
through the piston, a valve collar becomes neces-
sary for avoiding interference or collision between
the thread in the stud section and the inner periph-
eral edge of the leaf valve spring.

SUMMARY OF THE INVENTION

Therefore, it is an object of the present inven-
tion to provide an improved construction of a piston
assembly which makes production easier and
cheaper. :

In order to accomplish aforementioned and oth-
er objects, a piston assembly for a shock absorber,
according to the present invention, is formed with a
threaded opening which extends axially and opens
to an axial end, about which a piston body is
mounted. A stud which is separately formed and
independent of the piston rod, and extends through
the piston body, engages with the threaded open-
ing for securing the piston body thereonto.

According to one aspect of the invention, a
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piston assembly for a shock absorber comprises:
an essentially cylindrical piston rod having a first
end inserted into an essentially hollow cylindrical
shock absorber cylinder and a second extending
from the shock absorber cylinder;

a piston thrustingly disposed within an interior
space of the shock absorber cylinder and mounted
on the first end of the piston rod;

a stud for securing the piston onto the first end of
the piston rod; and

an axially extending stud receptacle opening ex-
tending from the first end of the piston rod and
engageable with the stud for holding engagement
with the stud and whereby rigidly securing the
piston on the first end of the piston rod.

According to another aspect of the invention, a
shock absorber comprises: )

a hollow cylinder defining an interior space filled
with a working fluid; and

a piston assembly including

an essentially cylindrical piston rod having a first
end inserted into the hollow cylinder and a second
end extending from the hollow cylinder;

a piston thrustingly disposed within the interior
space of the hollow cylinder for separating the
interior space into a first and a second chamber,
and mounted on the first end of the piston rod,;

a stud for securing the piston onto the first end of
the piston rod; and

an axially exiending stud receptacle opening ex-
tending from the first end of the piston rod and
engageable with the stud for holding engagement
with the stud and whereby rigidly securing the
piston on the first end of the piston rod.

in the preferred construction, the piston rod
comprises separately formed a first lower section
and a second upper section, the first section hav-
ing the first end and the second section having the
second end, and the first and second sections
being ridigly connected to each other. The first and
second sections are connected to form the piston
rod by way of projection welding.

The piston is formed with axially extending first
and second through openings, one ends of respec-
tive first and second through openings being
closed by means of a pressure responsive valve
members which are in a form of annular disc-
shaped configuration.

Preferably, the stud is formed with a groove
extending at an interface between a bolt section
and head, for avoiding interference between the
inner peripheral edge of the valve members and
the bolt section. The stud, the piston and the vaive
members are provided in a form of pre-assembly
for assembling to the piston rod. The stud has a
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thread bolt portion threadingly engageable with the
stud receptacle of the piston rod, the thread boit
portion having a calking portion to be engaged with

female thread on the stud receptacie with a greater

tightening torque than major portion thereof.

The present invention will be understood more
fully from the detailed description given herebelow
and from the accompanying drawings of the pre-
ferred embodiment of the invention, which, how-
ever, should not be taken to limit the invention to
the specific embodiment but are for explanation
and understanding only.

In the drawings:

Fig. 1 is a partial section of the preferred
embodiment of a shock absorber according to the
present invention;

Fig. 2 is a partially sectioned and exploded
front elevation of a piston rod employed in the
preferred embodiment of the shock absorber of
Fig. 1; )

Fig. 3 is an enlarged section of the preferred
construction of a piston assembly including the
piston rod of Fig. 2 and a piston;

Fig. 4 is a section of a pre-assembly of a
stud, a piston body, a collar, which pre-assembly is
provided for transportation and assembiling;

Fig. 5 is a longitudinal section of a modified
construction of a piston rod to be employed in the
preferred embodiment of the piston assembly ac-
cording to the invention;

Fig. 6 is a front elevation of a modified
construction of a stud bolt employed in the pre-
ferred- construction of the piston assembly of Fig.
3;

Fig. 7 is an enlarged section showing part of
the stud boid of Fig. 6; '

Fig. 8 is a side elevation of a modification of
the stud bolt to be employed in the preferred
construction of the piston assembly; and

Fig. 9 is a front elevation of the modified
stud boit of Fig. 7 to be employed in the preferred
construction of the piston assembly.

Referring now to the drawings, particularly to
Fig. 1, the preferred embodiment of a shock ab-
sorber, according to the present invention, com-
prises an inner and an outer hollow cylinder 1 and
11 to form a double botiom type shock absorber.
The inner cylinder 1 is coaxially disposed within
the outer cylinder 11 for defining therebetween an
annular chamber C.

A piston assembly generally comprises a pis-
ton 4 slidingly disposed within the interior space of
the inner cylinder 1 for defining therein upper and
lower fluid chambers A and B, and a pision rod 2.
The piston rod 2 has a lower end connected to the
piston 4 and an upper end extending through an
upper end plug assembly which comprises a rod
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guide 12, a sealing member 13 and a rubber seal
14,

As particularly seen from Fig. 2, the piston rod
2 comprises mutually separately formed three rod
or bar like components 2a, 2b and 2c. The upper
component 2c is designed to be connected to a
vehicular body via known mounting structure. The
lower component 2b is designed to be inserted into
the interior space of the inner cylinder 1 and ex-
tend through the upper fluid chamber A. The upper
end of the lower component 2b extends upwardly
from the cylinder. The upper end of the lower
component 2b mates with the lower end of the
upper component 2c and rigidly connected to the
latter by prciection welding. Therefore, after as-
sembling, the upper and lower components 2¢ and
2b forms an integral bar member generally serving
as the piston rod 2.

The lower component 2b of the piston rod 2 is
formed with an axially extending threaded opening
3, to which the stud component 2a comprising a
stud bolt, ‘engages for mounting and securing a
piston 4. As seen from Figs. 1 and 3, the piston 4
generally includes a piston body 6 and a reboun-
ding stopper 5. The piston body 6 is formed with a
plurality of axially extending through openings 9
and 10 communicating the upper and lower fluid
chambers A and. B. As seen from Fig. 3, the
openings 9 and 10 are radially offset from each
other to be-oriented at positions different distance
to the piston rod. The upper and lower ends of the
openings are connected to each other via grooves
9a, 9b and 10a, 10b. Essentially annular disc
shaped resilient valve member 8 is provided in
opposition to the upper end of the through open-
ings 9 and 10. The valve member 8 normally seats
on land portions 9¢c and 10c extending along radi-
ally inner and outer edges of the grooves 9a and
10a. The outer land portion 3¢ has one or more cut
outs for establishing fluid communication between
the upper fluid chamber A and the through open-
ings 9. Similarly, essentially annular resilient valve
member 7 opposes the lower ends of the through
openings 9 and 10. The valve member 7 normally
seats on land portion 9d extending along radially
inner and outer edges of the groove 9b. The outer
land portion 10c has one or more cut outs for
establishing fluid communication between the up-
per fluid chamber A and the through openings 10.
With the shown construction, the upper valve mem-
ber 8 is responsive to the fluid pressure in the
lower fluid chamber B for establishing fiuid commu-
nication between the upper fluid chamber A and
the lower fluid chamber B in response to the fluid
pressure in the lower fluid chamber overcoming the
resilient force thereof. Similarly, the upper valve
member 7 is responsive to the fluid pressure in the
upper fluid chamber A for establishing fluid com-
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munication between the upper fluid chamber A and
the lower fluid chamber B in response to the fluid
pressure in the upper fluid chamber overcoming
the resilient force thereof.

The piston body 6 is mounted on the lower end
of the piston rod 2 together with the collar 5 with a
rubber cushion 5a. The assembly of the piston
body 6 and the collar 5 is secured ontc the lower
end of the piston rod 2 by means of the stud boid
2a as set forth above. As seen from Fig. 3, the stud
bolt 2a is formed with a groove 16 at a junction
between the stud section and bolt head so as to
avoid interference between a washer 15 and the
bolt head.

With the shown construction, the through open-
ings 9 and 10 serve for limiting fluid flow rate
flowing between the upper and lower fluid cham-
bers A and B and thus absorbing vibration energy.

The end plug assembly defines a communica-
tion chamber 20 therein. The communication
chamber 20 is communicated with the upper fluid
chamber A via an axially defined annular path 21
which extends through the rod guide 12. On the
other hand, the communication chamber 20 also
communicaies with the annular chamber C via a
flow passage 22. A rubber bushing 23 is disposed
between the sealing member 13 and the rod guide
12. the rubber bushing 23 has a seal lip 24 which
blocks between the communication chamber 20
and the flew passage 22. The seal lip 24 is respon-
sive to the fluid pressure in the upper fluid cham-

ber A to permit fluid flow from the upper fluid

chamber A to the annular chamber C when fluid
pressure in the upper fluid chamber becomes
greater than the fluid pressure in the annular cham-
ber at a magnitude greater than a predetermined
vaiue.

In order to perform heat treatment of the piston
rod 2 for providing wear resistance, only lower
compenent 2b is placed in a furnace for hardening
freatment. In the hardening treatment, it is not
necessary o pay an attention for area of the rod to
perform hardening treatment and direction of the
rod. This makes heat treatment substantially easier
in comparison with that in the prior art.

On the other hand, it is preferred that, in the
transportation and assembling, the piston body 6,
the collar 5, the valve members 7 and 8 are pre-
liminarily mounted assembled with the stud bolt 2a
as a pre-assembly 25, as shown in Fig. 4. The pre-
assembly 25 is transported and supplied to the
assembling line. This makes transportation and as-
sembling operation performed in the assembling
line easier.

Furthermore, since the piston 4 is secured on
the end of the piston rod 2 by means of the stud
bolt 2a, interference between the edge of the cen-
ter openings of the valve members 7 and 8 and the
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threaded position may net occur. Therefore, neces-
sity of the spacer can be avoided.

Fig. 5 shows modification of the preferred con-
struction of piston assembly according to the in-
vention. In this modification, the lower component
2b of the piston rod 2 is formed of a cylindrical
member. In such case, a thread 3a is formed on
the inner periphery of one end of the cylindrical
lower component 2a. The thread of the siud bolt 2a
engages with the thread 3a for securing the piston
4, the collar 5 and valve members 7 and 8. On the
other hand, the other end of the lower component
2a is secured to the opposing end of the upper
component 2c by way of ring projection welding
utilizing the projection 17. In the alternative, it
would be possible to use an insert with a female
thread axially extending therthrough. The insert
méy rigidly secured on the one end of the lower
component 2b. In such case, the stud bolt 2a
engages with the female thread formed through the
insert.

Figs. 6 and 7 illustrate a modification of the
stud bolt 2a to be employed in the preferred em-
bodiment of the piston assembly. In the shown
modification, the stud bolt 2a is formed with a
calking portion 26. The calking portion 26 is formed
at a orientation in the vicinity of the end of the
threaded portion remote from the tip end of the
stud bolt. The calking portion 26 is engaged with
the female thread in the threaded opening 3 with a
greater tightening torque. The calking portion 26 is
formed essentially rectangular area in front eleva-
tion and extends in a length b which is slightly
shorter than plane periphery section of the opening
3. Furthermore, in the shown embodiment, the bar
section 27 where no thread is formed and has
plane cylindrical section has a diameter L. essen-
tially equal to the diameter of the plane periphery
section of the opening 3. Therefore, the outer pe-
riphery of the bar section 27 firmly engage with the
plane periphery section of the opening. Therefore,
this portion 26 creates greater loosening torque for
resisting against rotational torque which may ex-
erted thereon while the shock absorber is in use.
Thus, this calking portion 26 serves for preventing
the bolt from loosening. Furthermore, the calking
portion serves for storing small metal chips created
when tightening the siud into the threaded opening
3. Therefore, the calking portion 26 is effective for
preventing the small metal chips created due to
presence of burr and so forth during threading
operation from entering into the working fluid. For
this, firm engagement between the outer periphery
of the bar section of the siud 2a and the plane
inner periphery of the plane periphery section of
the opening 3 aids for preventing the metal chip
from entering into the working fluid. Though the
example of Figs. 6 and 7 provides only one calking
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portion on the stub bolt 2a, it may be possible to
provide more than one calking portions 26. For
example, the further modification illustrated in Figs.
8 and 9 forms a pair of calking portions 26 at
radially symmetrical orientations.

While the present invention has been disclosed
in terms of the preferred embodiment in order to
facilitate better understanding of the invention, it
should be appreciated that the invention can be
embodied in various ways without departing from
the principle of the invention. Therefore, the inven-
tion should be understood to include all possible
embodiments and modifications to the shown em-
bodiments which can be embodied without depart-
ing from the principle of the invention set out in the
appended claims.

Claims

1. A piston assembly for a shock absorber
comprising:
an essentially cylindrical piston rod having a first
end inserted into an essentiaily hollow cylindrical
shock absorber cylinder and a second extending
from the shock absorber cylinder;

a piston thrustingly disposed within an interior
space of the shock absorber cylinder and mounted
on said first end of the piston rod;

a stud for securing said piston onto said first end of
the piston rod; and

an axially extending stud receptacie opening ex-
tending from said first end of said piston rod and
engageable with said stud for holding engagement
with said stud and whereby rigidly securing said
piston on said first end of the piston rod.

2. A piston assembly as set forth in claim 1,
wherein said piston rod comprises separately
formed a first lower section and a second upper
section, said first section having said first end and
said second section having said second end, and
said first and second sections being rigidly con-
nected to each other.

3. A piston assembly as set forth in claim 2,
wherein said first and second sections are con-
nected to form said piston rod by way of projection
welding.

4, A piston assembly as set forth in claim 1,
wherein said piston is formed with axially extending
first and second through openings, one ends of
respective first and second through openings being
closed by means of a pressure responsive valve
members which are in a form of annular disc-
shaped configuration.

5. A piston assembly as set forth in claim 4,
wherein said stud is formed with a groove extend-

ing at an interface between a bolt section and
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head, for avoiding interference between the inner
peripheral edge of said valve members and said
bolt section.

8. A piston assembly as set forth in claim 4,
wherein said stud, said piston and said valve mem-
bers are provided in a form of pre-assembly for
assembling to said piston rod.

7. A piston assembly as set forth in claim 1,
wherein said stud has a thread bolt portion
threadingly engageable with said stud receptacle of
said piston rod, said thread bolt portion having a
calking portion to be engaged with female thread
on said stud receptacle with a greater tightening
torque than major portion thereof.

8. a shock absorber comprising:

a hollow cylinder defiling an interior space filled
with a working fluid; and

a piston assembly including

an essentially cylindrical piston rod having a first
end inserted into said hollow cylinder and a second
end extending from said hollow cylinder;

a piston thrustingly disposed within said interior
space of said hollow cylinder -for separating said
interior space into a first and a second chamber,
and mounted on said first end of said piston rod;

a stud for securing said piston onto said first end of -
said piston rod; and )

an axially extending.stud receptacle opening ex-
tending from said first end of said piston rod and
engageable with said stud for holding engagement
with said stud and whereby rigidly securing said
piston on said first end of said piston rod.

9. A shock absorber as set forth in claim 8,
wherein said piston rod comprises separately
formed a first lower section and a second upper
section, said first section having said first end and
said second section having said second end, and
said first and second sections being rigidly con-
nected to each other.

10. A shock absorber as set forth in claim 9,
wherein said first and second sections are con-
nected to form said piston rod by way of projection
welding.

11. A shock absorber as set forth in claim 8,
wherein said piston is formed with axially extending
first and second through openings, one ends of
respective first and second through openings being
closed by means of a pressure responsive valve
members which are in a form of annular disc-
shaped configuration.

12. A shock absorber as set forth in claim 11,
wherein said stud is formed with a grcove extend-
ing at an interface between a bolt section and
head, for avoiding interference between the inner
peripheral edge of said valve members and said
bolt section.
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13. A shock absorber as set forth in claim 11,
wherein said stud, said piston and said valve mem-
bers are provided in a form of pre-assembly for
assembling to said piston rod.

14. A shock absorber as set forth in claim 8,
wherein said stud has a thread bolt portion
threadingly engageable with said stud receptacle of
said piston rod, said thread bolt portion having a
calking portion o be engaged with female thread
on said stud receptacle with a greater tightening
forque than major portion thereof.
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